We determined the association between daily ambulatory activity and markers of inflammation and oxidative stress in patients with peripheral artery disease (PAD) and claudication. Patients with PAD (n ¼ 134) limited by claudication were studied. Patients took 3275 + 1743 daily strides for 273 + 112 minutes each day, and their average daily cadence was 11.7 + 2.7 strides/min. High-sensitivity C-reactive protein was significantly and negatively associated with the total number of daily strides (P < .001), total daily ambulatory time (P < .01), peak activity index (P < .01), daily average cadence (P < .05), and the maximum cadences for 60 minutes (P < .05), 30 minutes (P < .05), 20 minutes (P < .05), and 5 minutes (P < .01). Oxidized low-density lipoprotein and soluble vascular cell adhesion molecule 1 were not significantly associated with any of the ambulatory measures (P > .05). We conclude that higher levels of community-based, daily ambulatory activity are associated with lower levels of inflammation but are not associated with markers of oxidative stress.
Introduction
Peripheral artery disease (PAD) is prevalent in more than 12% of the US population aged 65 years and older. 1 Peripheral artery disease is associated with increased prevalence of cardiovascular disease risk factors 1, 2 and increased prevalence of coexisting diseases in the coronary, cerebral, and renal arteries. 1, 2 More than 60% of those with PAD have concomitant cardiovascular and/ or cerebrovascular disease, 2 thereby contributing to their elevated rates of mortality. 3, 4 Additionally, many of those with PAD are physically limited by ambulatory leg pain, resulting in ambulation dysfunction, 5, 6 impaired physical function, 7, 8 and lower physical activity levels. 9, 10 A primary clinical goal is to improve ambulatory function, thereby lessening limitations in physical function and daily activity and improving health-related quality of life.
Supervised exercise programs are efficacious for clinical management of claudication 11 and has been given a class IA recommendation by the American College of Cardiology (ACC) and the American Heart Association (AHA), indicating general agreement for effectiveness of treatment. 1 Despite the favorable overall benefits of exercise rehabilitation programs on claudication measures, acute bouts of exercise induce ischemia in the active musculature, increasing the production of reactive oxygen species and inflammation. [12] [13] [14] [15] Inflammation and oxidative stress lead to accelerated myopathy by damaging mitochondrial electron transport chain function, thereby reducing energy production and increasing apoptosis and sarcopenia. 16, 17 Repeated bouts of ischemia during ambulation followed by reperfusion during subsequent periods of rest throughout the day is thought to result in accumulation of inflammation and oxidative stress markers, which are exaggerated even further when walking to maximal claudication pain than walking to the onset of pain. 14 However, the impact that the intensity of ambulation (ie, cadence) and the volume of ambulation (total number of strides taken throughout the day and minutes spent ambulating) have on inflammation and oxidative stress in patients with PAD and claudication is not clear.
We determined the association between daily ambulatory activity and markers of inflammation and oxidative stress in patients with PAD and claudication. Our hypothesis was that faster cadence of ambulation and more strides taken each day are associated with higher levels of inflammation and oxidative stress.
Methods Patients
Approval and Informed Consent. The procedures used in this study were approved by the institutional review board at the University of Oklahoma Health Sciences Center (HSC) and by the Research and Development committee at the Oklahoma City VA Medical Center. Written informed consent was obtained from each patient prior to investigation.
Recruitment. Patients were recruited by referrals from vascular and primary care clinics from the University of Oklahoma HSC and the Oklahoma City VA Medical Center and by newspaper advertisements for possible enrollment into a randomized controlled exercise rehabilitation study for the treatment of leg pain secondary to PAD. 18 The data and analyses for this study were part of the baseline assessments obtained for the exercise study. Patients were evaluated in the General Clinical Research Center (GCRC) at the University of Oklahoma HSC.
Medical Screening Through History, Physical Examination, and Anthropometry
Patients arrived at the GCRC in the morning fasted but were permitted to take their usual morning medication. Demographic information, height, weight, cardiovascular risk factors, comorbid conditions, claudication history, blood samples, and a list of current medications were obtained from a medical history and physical examination at the beginning of the study. During the physical examination, arterial oxygen saturation was measured from the index finger using a standard pulse oximeter. Afterward, subcutaneous fat over the medial gastrocnemius muscle was measured from a skinfold using a Lange skinfold caliper according to standard guidelines, 19 and waist circumference was recorded using a plastic measuring tape. 19 Inclusion and Exclusion Criteria. Patients with PAD were included in this study if they met the following criteria: (1) a history of any type of ambulatory leg pain, (2) ambulatory leg pain confirmed during a graded treadmill test, 5 and (3) an ankle-brachial index (ABI) 0.90 at rest 1 or an ABI 0.73 after exercise, because some patients with PAD have normal values at rest, which only become abnormal following an exercise test. 20 Patients were excluded from this study for the following conditions: (1) absence of PAD (ABI > 0.90 at rest and ABI > 0.73 after exercise), (2) inability to obtain an ABI measure due to noncompressible vessels, (3) asymptomatic PAD determined from the medical history and verified during the graded treadmill test, (4) use of medications indicated for the treatment of claudication (cilostazol and pentoxifylline) initiated within 3 months prior to investigation, (5) exercise tolerance limited by any disease process other than PAD, (6) active cancer, (7) end-stage renal disease defined as stage 5 chronic kidney disease, and (8) abnormal liver function. A consecutive series of 188 individuals were evaluated for study eligibility, and 134 patients were deemed eligible.
Measures
Vascular Biomarkers. Oxidized low-density lipoprotein (LDL), high-sensitivity C-reactive protein (hsCRP), and soluble vascular cell adhesion molecule 1 (sVCAM-1) were used as biomarkers.
Blood Sampling. Venipuncture was done to obtain the blood specimen from an antecubital vein. The blood was collected in sodium citrate-containing vacutainers and plasma was separated by centrifugation. Plasma samples were stored at À80 C and subsequently batched for analysis.
Oxidized LDL and sVCAM-1. Plasma oxidized LDL and sVCAM-1 were measured by immunoassay (Mercodia, Uppsala, Sweden and R&D Systems, Minneapolis, Minnesota) according to the manufacturer's protocol. For oxidized LDL, average intraassay precision is 5% and interassay precision is 8.7%. For sVCAM-1, average interassay precision is 3.9%.
The hsCRP. A high-sensitivity near-infrared particles immunoassay was used to quantify the concentration of hsCRP from a serum sample of 300 mL, the optimum sample volume for this specific assay. A commercially available device, the SYN-CHRON LX-20 (Beckman-Coulter; California), was used to automatically perform the assay. Prior to performing each assay, the SYNCHRON system was calibrated, and a calibration curve was established. The ''normal'' reference range for concentrations 21 of hsCRP using this high-sensitivity assay is 0.0 to 3.3 mg/L.
Graded Treadmill Test. Claudication Onset Time (COT), peak walking time (PWT), and ischemic window were determined during the test.
The COT and PWT. Patients performed a progressive, graded treadmill protocol to determine study eligibility as well as to obtain outcome measures related to peak exercise performance. 5 The COT, measured as the walking time at which the patient first experienced pain, and the PWT, measured as the walking time at which ambulation could not continue due to maximal pain, were both recorded to quantify the severity of claudication. Using these procedures, the test-retest intraclass reliability coefficient is R ¼ .89 for COT 5 and R ¼ .93 for PWT. 5 Ischemic Window. The ABI measures were obtained from the more severely diseased lower extremity before and 1, 3, 5, and 7 minutes after the treadmill test. 5, 22 The reduction in ankle systolic blood pressure after treadmill exercise from the resting baseline value was quantified by calculating the area under the curve referred to as the ischemic window. 23 Because the ischemic window is a function of both PAD severity and the amount of exercise performed, the ischemic window was normalized per meter walked.
Ambulatory Activity Monitoring. Daily ambulatory activity was assessed using a step activity monitor (StepWatch3, Orthoinnovations, Inc, Oklahoma City, Oklahoma) as previously described. 24 Ambulatory activity was measured during 7 consecutive days in which the patients were instructed to wear the monitor during waking hours and to remove it before retiring to bed and while showering. The step activity monitor was attached to the right ankle above the lateral malleolus using an elastic Velcro strap and continuously recorded the number of strides taken each day and the number of minutes spent ambulating each day. The daily ambulatory strides and time are further analyzed by the software program and are quantified into the following variables: maximum cadence for 60, 30, 20, and 5 continuous minutes of ambulation each day, maximum cadence for 1 minute of ambulation each day (ie, the minute having the single highest cadence value each day), and peak activity index obtained by ranking all minutes of the day according to cadence, and then taking the highest 30 values. These outcome measures are recorded and averaged for each day, and then the daily averages are averaged over the 7-day monitoring period. The accuracy of the step activity monitor exceeds 99% + 1% in patients with claudication, 24 and the test-retest intraclass reliability coefficient for the daily ambulatory activity measures range from R ¼ .83 to R ¼ .94. 24 
Statistical Analyses
Measurement variables were summarized as means and standard deviations. Dichotomous variables were summarized as percentage with characteristic present, percentage male, or percentage caucasian. For all between patient variables, measures of association were computed as partial correlations controlled for age, race, gender, and obesity. As a guard against departure for normality assumptions yielding inappropriate associations, both Pearson and Spearman correlations were computed with Spearman reported if the coefficients differed by more than .10. Statistical significance was defined by a 2-sided P < .05. All summary statistics and test were computed using the NCSS computer package (NCSS Inc., Kaysville, UT, USA).
Results
The clinical characteristics of the patients with claudication are shown in Table 1 . The group consisted of a mix of older, overweight caucasian and African American men and women. Cardiovascular risk factors were highly prevalent in the group, particularly hypertension, dyslipidemia, and metabolic syndrome. Consequently, 83% of the patients were treated for hypertension, 75% were treated for dyslipidemia with statin medication, and 39% were treated for diabetes.
Daily ambulatory activity measures recorded during a 1week monitoring period and their associations with measures of inflammation and oxidative stress in patients with claudication are shown in Table 2 . On average, the patients took 3275 daily strides for 273 minutes each day. The daily average cadence was 11.7 strides/min, ranging between 10.8 strides/ min for the most active 60 consecutive minutes of each day and 45.0 strides/min for the most active single minute of each day. The hsCRP was significantly and negatively associated with the total number of daily strides (P <.001), total daily ambulatory time (P < .01), peak activity index (P < .01), daily average cadence (P < .05), and the maximum cadences for 60 minutes (P < .05), 30 minutes (P < .05), 20 minutes (P < .05), and 5 minutes (P < .01). Oxidized LDL and sVCAM-1 were not significantly associated with any of the ambulatory measures (P > .05).
Discussion

Monitored Daily Ambulatory Activity is Negatively Associated With Inflammation
A novel finding in this investigation was that both the intensity of community-based daily ambulation (ie, cadence) and the volume of daily ambulation (total number of strides taken and minutes spent ambulating throughout the day), were negatively associated with hsCRP but were not associated with oxidized LDL and sVCAM-1. Although previous reports have shown that a single acute bout of exercise during a standardized laboratory test increases the production of reactive oxygen species and inflammation, 12-15 the methodology was not designed to address whether ambulatory activity throughout the day results in a more chronic accumulation of inflammatory and oxidative stress markers. Our methodology provides a novel and valid measure of ambulation performed in the community setting in which numerous acute bouts of ambulation and rest are interspersed throughout the day. According to the previous findings, [12] [13] [14] [15] increased reactive oxygen species and inflammation following an acute ambulatory bout should have resulted in a net accumulation in inflammation and reactive oxygen species from repeated ambulatory bouts throughout the day. The negative correlation between hsCRP and ambulatory cadence, number of daily strides, and number of minutes spent in ambulation may indicate one or more possibilities. For example, the amount of hsCRP generated from each acute bout of ambulation may diminish throughout the day, the numerous repeated bouts of ambulation may serve as a form of exercise training in which chronic adaptations reduce the production of markers of inflammation and oxidative stress, 15 compensatory mechanisms may occur such as increased antioxidant defenses 13 or a combination of all these factors may occur. Our study supports the well-established negative relationship between hsCRP and physical activity levels reported in patients with coronary heart disease 25, 26 and extends this observation to patients with PAD and claudication.
There are limitations to this study. A self-selection bias may exist regarding study participation, as patients who participated in this trial were volunteers. Therefore, they may represent those who were more interested in participation, who had better access to transportation to the research center, and who had relatively better health than patients with PAD who did not volunteer. Furthermore, the results of this study are only applicable to patients with PAD who are limited by claudication and may not be generalized to patients with less severe or more severe PAD. Additionally, nearly all of the patients with dyslipidemia were being treated with statin medication, which may have improved their ambulation, inflammation, and oxidative stress measures. [27] [28] [29] Finally, there are limitations associated with the design of the study. The correlations calculated between the clinical measures and the vascular biomarkers from this cross-sectional design do not allow causality to be established.
Although we directly measured ambulatory activity, there are limitations associated with the step activity monitor. It is possible that the patients did not wear the step activity monitor during portions of their waking hours, thereby resulting in an underestimate of daily ambulation. We believe this possibility is unlikely, because long durations in which no active minutes were recorded during daytime hours were not evident from the software graphs. Another limitation is that the step activity monitor does not quantify nonambulatory physical activity, and therefore it underestimates the total amount of daily physical activity accomplished to some extent.
In summary, the primary finding was that greater daily ambulatory activity was associated with lower levels of hsCRP. We conclude that higher levels of community-based, daily ambulatory activity are associated with lower levels of inflammation but are not associated with markers of oxidative stress. The clinical significance is that an ambulatory exercise program performed in the community setting may favorably impact markers of hsCRP and other markers of inflammation in patients with PAD and claudication. Abbreviations: r, Pearson partial correlation coefficients or Spearman partial correlation coefficients (in italics), controlled for age, sex, race, and obesity; LDL, low-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; sVCAM-1, soluble vascular cell adhesion molecule 1; SD, standard deviation. a P < .05. b P < .01. c P < .001.
